Background: Primary headache disorders are among the commonest disorders, affecting people in all countries. India appears to be no exception, although reliable epidemiological data on headache in this highly populous country are not available. Such information is needed for health-policy purposes. Our aim was to estimate the prevalence of each of the headache disorders of public-health importance, and examine their sociodemographic associations, in urban and rural populations of Karnataka, south India. Methods: In a door-to-door survey, 2,329 biologically unrelated adults (aged 18-65 years) were randomly sampled from urban (n = 1,226) and rural (n = 1,103) areas in and around Bangalore and interviewed by trained researchers using a pilot-tested, validated, structured questionnaire. ICHD-II diagnostic criteria were applied. Results: The observed 1-year prevalence of any headache was 63.9 %, with a female preponderance of 4:3. The age-standardised 1 year prevalence of migraine was 25.2 %; prevalence was higher among females than males (OR: 2.1 [1.7-2.6]) and among those from rural areas than urban (OR = 1.5 [1.3-1.8]). The age-standardized 1 year prevalence of TTH was 35.1 %, higher among younger people. The estimated prevalence of all headache on ≥15 days/ month was 3.0 %; that of pMOH was 1.2 %, five-times greater among females than males and with a rural preponderance. Conclusions: There is a very high 1 year prevalence of migraine in south India (the mean global prevalence is estimated at 14.7 %). Explanations probably lie in cultural, lifestyle and/or environmental factors, although the observed associations with female gender and rural dwelling are usual. Levels of TTH, pMOH and other headache on ≥15 days/month are similar to global averages, while the very strong association of pMOH with female gender requires explanation. Until another study is conducted in the north of the country, these are the best data available for health policy in a population of over 1.2 billion people.
Background
Headache is one of the commonest symptoms, and primary headache disorders are among the most ubiquitous disorders, affecting people in all countries [1] . India appears to be no exception [2] . The Global Burden of Disease Study 2010 (GBD2010) found tension-type headache (TTH) and migraine to be the 2 nd and 3 rd most prevalent disorders worldwide [3] .
Nevertheless, knowledge of the prevalence of headache disorders, on which reiterations of the Global Burden of Disease Study depend, remains substantially incomplete. Historically, it has been gathered predominantly from the high-income countries of Western Europe and North America [1] , leaving vast geographical areas almost datafree. Notable among these have been South East Asia, and in particular India. Neuroepidemiological studies in India have included headache only as one of multiple conditions of enquiry under the broad spectrum of neurological disorders [4] . There have been hospital-based studies of migraine [5, 6] , but these do not provide information on prevalence or reveal the characteristics and impact of disorders in the population [7] . Yet India is home to over 16 % of the world's inhabitants [8] . Lack of knowledge of the prevalence of and burden attributable to headache disorders among such a large community has an impact on the quality and meaning of global statistics [3] . In India itself, it stands in the way of effective health-care policy and planning, the delivery of services and the means of remedy.
Across the world, the knowledge gap is slowly being filled by a series of population-based studies supported by Lifting The Burden (LTB) [9, 10] , a UK-registered nongovernmental organization conducting the Global Campaign against Headache [11] in official relations with the World Health Organization [12] . Methodology has been developed for this purpose [7, 13] . We undertook a populationbased survey in southern India (Karnataka State) as part of this series. We focused on the headache disorders of public-health importance: migraine, TTH, medicationoveruse headache (MOH) and other causes of headache occurring on ≥15 days/month. This paper describes the 1 year prevalence of these disorders in this population; subsequent papers will report headache-attributed burden.
Methods
The methodology of the study has been published in detail previously [14] and is described only briefly here. The institutional ethics committee of the National Institute for Mental Health and Neuro-Science (NIMHANS) approved the study protocol. Informed consent was obtained from all participants.
The cross-sectional survey sampled from urban and rural areas in and around Bangalore: Kempegowdanagara, an urban administrative ward in the city of Bangalore, and Uyamballi and Doddaaladahalli, two large villages located 75-80 Km from Bangalore. A team of trained interviewers travelled to these communities and selected households through multistage cluster sampling. Interviewers called at each chosen household, listed all adult members (aged 18-65 years), selected one by simple random sampling and interviewed that person using a structured questionnaire. This instrument was an adaptation of the HARDSHIP questionnaire [13] , translated into the local language (Kannada) in accordance with LTB's translation protocol for hybrid documents [15] . It included demographic enquiry and a headache screening question ("Have you had headache during the last year?") for all participants, followed by diagnostic questions based on the International Classification of Headache Disorders, 2 nd edition (ICHD-II) [16] and enquiries into burden for those reporting headache. Any participant reporting more than one headache type was asked to focus only on the one that was subjectively the most bothersome for purposes of description, diagnosis and prevalence counting. In the previously conducted validation study, the diagnostic part of the questionnaire had a specificity and sensitivity for migraine of 85 % (95 % CI: 81-89) and 63 % (52-72), and for TTH of 81 % (76-86) and 57 % (48-65) [14] .
The survey continued in each community until the requisite sample (>1,000 biologically unrelated individuals from each stratum [urban and rural]) was achieved.
Statistics and analyses
Data were entered into a secure database and statistical analyses performed using EPI INFO [17] and SPSS 15 [18] .
Diagnoses were made not by the interviewers but by computerized algorithm [13] from the recorded survey responses. Participants reporting headache on ≥15 days/ month were first separated, and described as a distinct group, with those also reporting regular use of acute headache medication on >10 days/month considered to have probable MOH (pMOH). To all others, the algorithm applied ICHD-II diagnostic criteria [16] in the order: migraine, TTH, probable migraine, probable TTH. Cases of migraine and probable migraine, and of TTH and probable TTH, were then combined for prevalence estimation and further analyses [7] . Remaining cases were unclassified.
We used proportions, 95 % confidence intervals (CIs), medians, means and standard deviations (SDs) to summarise the distributions of variables and chi-squared, Student's t-test or ANOVA to test for significance of differences. We calculated odds ratios (ORs) to test for associations in bivariate analysis, and adjusted odds ratios (AORs) using multivariate logistic regression. We set the level of significance at 5 %.
Results
There were 2,329 participants (1, 6 %] urban). The overall participation rate was 92.6 % (eligible population n = 2,514). While there were few actual refusals (25 urban, nil rural), the key reason for non-participation (103 urban, 57 rural) was unavailability for interview even after three contacts. The distributions of gender, age and habitation in the participating sample have been described, and were comparable to those of the population of Karnataka [14] .
Prevalence
The crude 1 year prevalence of any headache (n = 1,488) in the study population was 63.9 %, with female preponderance (Table 1) . Table 1 shows migraine prevalence in the sample by age, which peaked in both genders in the range 35-45 years. A second rise was exhibited by males over 56 years, driven entirely by the rural population in which it was statistically significant (chi-squared = 18.99; p < 0.001); a small and statistically insignificant second peak was seen in rural females. The age-standardized 1 year prevalence of migraine (against Karnataka's state population [8]) was 25.2 %.
The crude 1 year prevalence of TTH (n = 811) was 34.8 % (95 % CI: 32.9-36.8 %; 26.6 % [24.9-28.5 %] definite, 8.2 % [7.2-9.4 %] probable). Prevalence was similar between genders but higher among those from rural areas (38.4 %) than urban (32.2 %) ( Table 2 ; chi-squared = 7.73; p < 0.005). TTH prevalence declined steadily from 40.1 % in those aged 18-25 years to 28.7 % in those over 56. This was reflected in both genders and in both urban and rural habitations ( Table 2 ). The age-standardized [8] 1 year prevalence of TTH was 35.1 %.
There were 12 cases (0.5 %) of unclassified episodic headache.
The overall prevalence of all types of headache on ≥15 days/month (n = 68) was 3.0 % (95 % CI: 2.3-3.7). About 40 % of such cases were pMOH, of which the observed prevalence was 1.2 % (n = 28). While numbers were small, this disorder again showed a rural preponderance (1.5 % versus 0.9 % urban). More striking was the gender difference (Table 3) : overall, prevalence was five times greater among females than males, while in urban areas pMOH appeared to be almost uniquely a disorder of females. There was not a clear age-relationship, but generally the highest prevalences were reported by those aged >56 years (4.2 % by females overall, and 4.5 % by urban females) ( Table 3) .
Among other types of headache on ≥15 days/month (overall prevalence 1.7 %; n = 40) there was a two-fold female preponderance but no apparent relationship with age or habitation (Table 4 ). Table 5 shows a number of sociodemographic variables and their distributions among those with and without headache; it highlights the differences between the headache types. While there were no significant differences in mean age, multivariate analysis (Table 6) shows that all headache and TTH were more prevalent in younger people. The female predilection for migraine, headache on ≥15 days/month and, especially, pMOH is clearly demonstrated in Table 5 , while the AORs in Table 6 emphasise this. All specific types of headache showed an association with rural dwelling (Table 1, Table 2, Table 3, and Table 5 ), although this remained significant and highly so (p = 0.002) only for migraine in multivariate analysis (Table 6) . Table 5 presents indicators of socioeconomic status. These are not easily analysed, but those with headache tended to have lower household incomes and be less well educated than those without, trends that were greatly magnified in those with pMOH. The data on employment are complex; of note only is that, among those with pMOH, none were professional and only two of 28 (7.1 %) were in the category of clerical, shop owner or farmer. There were no associations with income surviving multivariate analysis: in Table 6 , we used the median income of the sample (INR 5,000/month) to create upper and lower income categories.
Associations

Discussion
With well over one billion people [8], India is behind only China in its proportion of the world's population (16.7 %). This study was the first large-scale communitybased survey exclusively of headache in India. In other words, the findings will fill a large knowledge void not only for the country but also globally. Over two-thirds of India's inhabitants live in villages, the remaining 31 % in towns and urban agglomerations [8] . Our primary purpose in gathering knowledge of headache was to demonstrate the need for headache services, and this established the importance of fully representing both urban and rural populations in our survey. By the same token, this was not an easy environment in which to conduct epidemiological studies. Accordingly we invested heavily in careful methodology [14] : we had a large sample and a high participation rate (>90 %), which would have reduced the likelihood of participation bias; the survey instrument was developed after field testing in a pilot study (and has since, in various adaptations, been used with success in many other countries, cultures and languages [13] ); the field investigators were rigorously trained and supervised; there was strong emphasis on quality control; we undertook a validation study in a sub sample of participants.
The observed 1 year prevalence of any headache in the study population (63.9 %), which had the usual female preponderance of close to 4:3, was in keeping with and higher than many reports from other countries [1] . In fact this statistic (1 year prevalence of any headache) is highly variable, being very susceptible to cultural tendencies reflected in the reporting (or not) of mild and/or occasional episodic headache.
The 1 year age-standardised prevalence of migraine was 25.2 %, considerably higher among females than males and higher among those from rural areas than urban. The 25.2 % is remarkable. While GBD2010 found migraine to be the third commonest disease in the world, it estimated the global prevalence at a much lower 14.7 % [3] . On the other hand, the literature review by Stovner et al. showed that reported migraine prevalence varied widely country by country [1] , explicable to a large extent by methodological differences (population of interest, sampling techniques, selection of respondents, interview methods and diagnostic approach) [7] and therefore only in part by true variation (attributable to genetics, culture, lifestyle or environment). Among the now several studies supported by LTB which have employed similar methodology (including sampling technique), estimates of migraine prevalence have been 9.3 % in China [19] , 20.8 % in Russia [20] and 22.9 % in Zambia [21] . All of these included both definite and probable migraine, which is methodologically correct provided that (as has always been the case) the latter have been shown not to meet criteria for definite TTH [7] . Our estimate of 25.2 % puts this southern State in India beyond this range, which is the most important finding of this study: the prevalence of migraine is very high. Because of the careful methodology and quality assurance, we believe this to be real, and largely explained in India by the latter factors referred to above: culture, lifestyle and environment. Our observed gender differential is reported almost universally. The higher prevalence in rural areas may be related to socioeconomic conditions (diet, stress and relative poverty [22, 23] ) or to lack of availability and utilization of health-care facilities. The relationship between migraine prevalence and age showed an unusual second increase after age 56 years, but in the rural population only. While it was significant (p < 0.001) in men only, the fact that it was reflected among women suggests a real effect and, perhaps, a greater influence of those same socioeconomic influences among older people. We do not know. Studies to elucidate the causes of this very high migraine prevalence should be given high priority, because some of them may be remediable.
There is not much to be said about TTH: the agestandardized 1 year prevalence of 35.1 % is well within the range reported from other countries [1] . The focus only on the most bothersome headache in any participant reporting more than one headache type was likely to have caused some under-reporting of TTH. This disorder showed no associations except with age: somewhat interestingly, this is a disorder more prevalent among younger people (male and female) in this country. We have no explanation for this other than to suggest that, to the extent TTH is a stress-related disorder, younger people might be more stressed in India (or older people cope better).
The estimated prevalence of all headache on ≥15 days/ month was 3.0 %, equal to the global mean [1, 24] , while that of pMOH was 1.2 %. Estimates of pMOH prevalence vary around the world, up to 7 % [22] , but most are within 1-1.5 % [25] . The rural preponderance (which was not significant) might happen because of less easy access to health care, but no great difficulty in obtaining analgesics over-the-counter -the most common cause of MOH. What is striking is the five-fold greater prevalence among females than males. A gender difference is usual, but not one this great. We suspect it reflects a culturally-determined gender difference in health-care seeking behaviour, such that females in this part of India rely more than males on self-management and over-thecounter medication. Furthermore, because of low importance attached to headache, females, especially in rural areas, would receive little encouragement to seek health care for it. It should be remembered that the literacy rate in India is considerably lower in females (64.6 %) than males (81.0 %) [26] , and this is emphasized in rural areas.
The crucial point of discussion is the issue of extrapolation: how representative are these findings of India? In truth we do not know: India is multicultural and geographically and environmentally diverse. In terms of filling the knowledge gap -for the Global Burden of Disease Study, for example -until now that gap has covered the entire South-East Asia Region! For health policy-makers in India, here are data. We recommend that at least one more study be done, in the north of the country, which may be sufficient if its findings are similar. Meanwhile, although these data are only from parts of a single State in the south of the country, they are the best information available for the entire country and its population of over 1.2 billion people [8] .
Conclusions
This was a carefully conducted study with considerable methodological strengths. It has shown a very high 1 year prevalence of migraine in south India, probably explained at least partly by cultural, lifestyle and/or environmental factors. Some of these may be remediable, a possibility that calls for further studies as a high priority. Levels of TTH, pMOH and other headache on ≥15 days/month are similar to global averages. A strong association of pMOH 
